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Objectives. The purpose of this study was to investigate left
ventricular wall motion changes during dobutamine-induced myo-
cardial ischemia.
Background. Dobutamine is increasingly used as a stress test . It
has been assumed that high doses of the drug induce the same
changes in contractility as physical exercise . However, some data
suggest that Ischemie myocardium can respond to dobutamine
with an increase in contractility .
Methods. Sixty-three poslinfarction patients twice underwent
the dobutamine test (up to 40 sglkg per min) within I to 2 days.
Thaltlum-201 single-photon emission computed tomography
(SPECT) and gated equilibrium radionuclide ventli tlography
were performed on each patient at rest and with dobutamine.
Both global and regional ejection fractions were quantified . Sixty
patients underwent coronary cineangiography within 1 week . The
presence of redistribution was correlated with global and regional
ejection fraction changes and with coronary lesions .
Results. Redistribution was present In 45 patients, and no
Pharmacologic stress tests with dobutamine are increasingly
used as diagnostic tools for the detection of coronary artery
disease. High dobutamine doses provoke an increase in
contractility, heart rate and systolic blood pressure, result-
ing in an augmented oxygen consumption (1) . In addition, in
the presence of coronary stenoses, dobutamine induces an
inhomogeneous increase in myocardL4 blood flow (2) . This
can produce a coronary steal phenomenon that augments the
ability of dobutamine to provoke myocardial ischemia . Elec-
trocardiography (3,4), thallium-201 scintigraphy (5), two-
dimensional echocardiography (6), radionuclide ventriculog-
raphy (7) and nuclear magnetic resonance imaging (8) have
been used in conjunction with dobutamine to detect isch-
emia. So far, the traditional criteria of positivity accepted for
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change or a decrease in global or regional ejection fraction
was
detected in 22 . In the entire group of patients
global ejection
fraction increased from 46 ± 12% to 56 :* 14%. The six patients
with triple-vessel disease had a flat (-0.2 ± 5%) ejection fraction
response to dobutamine, whereas the remaining patients had
an
increase of 11 t 7% (p = 0.003)
. The regional ejection fraction of
the hypokinetic area increased from 27 # 10% to 41 ± 19%,
showing no change or a decrease In 13 patients . The 44 patients
with pert-infarct redistribution had a significantly higher increase
In regional ejection fraction than those without redistribution
(16.4 ± 10% vs . 4.7 ± 17%, p = 0.003) . In the patients with
pert-infarct redistribution, an inverse linear correlation was found
between redistribution score and dobutamine-induced regional
ejection fraction change (r = -0.44, p = 0.004).
Conclusions.
Mild to moderate dobutamine-induced peri-
infarct Isehemia Is compatible with an increase in contractility,
whereas severe ischemia induces worsening of wall motion.
(I Am Coll Cardi6l 1993,22.399-406)
exercise tests have been applied to dobutamine tests without
previous discussion, assuming that both (exercise and
dobutamine) provoke the same ischemic changes . Even
though ischemia is indeed the result of both interventions, it
is possible that dobutamine, because of its strong; inotropic
effect, can produce some increase in contra tility at the same
time that it induces ischemia, as several investigators have
already pointed out (7,9-11) . This is possible because isch-
emic tissue can respond to inotropic stimulation (12) .
At present, the diagnosis of ischemic heart disease by
radionuclide ventriculography is performed on the basis of
an abnormal response of the left ventricular ejection fraction
and the occurrence or aggravation of regional wall motion
abnormalities during exercise (13). If the dobutamine test is
equivalent to the exercise test, the same criteria can be
applied to both tests
. However, we have observed several
cases of dobutamine-induced isehemic electrocardiographic
(ECG) changes without new wall motion abnormalities in
simultaneous left ventricular cineangiography . To correlate
dobutamine-induced left ventricular wall motion changes
with dobutamine-induced ischemia, a prospective study was
designed . Patients underwent the dobutamine test with two
0735-1097193156.00
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different recording approaches: thallium-201 single-photon
emission computed tomography (SPECT) and equilibrium
radionuclide ventrculography . In these patients the perfu-
sion defects were correlated with left ventricular global and
regional contractility .
Methods
Patients. A total of 63 consecutive patients (59 men and 4
women) <71 years old were prospectively studied a mean (±
SD) of 16 ± 4 days after acute myocardial infarction . The
mean age was 54 ± 4 (28 to 70) years. The ECG location of
infarction was anterior or anterolateral in 25 patients, infe-
rior or posteroinferior in 3 .  and undetermined in 3 (all 3 had
a non-Q wave infarction). Thrombolytic therapy was used in
37 patients . In 48 patients the infarction was uncomplicated .
Mild posttnfarction angina was present in 11 patients ; low
output syndrome due to acute right ventricular infarction
was present in 3 and transient heart failure in I patient . At
the time of radionuclide studies, all patients were asymptom-
atic and only four were receiving antian-final treatment
(nitrates or calcium channel blocking agents, or both). Pa-
tients were excluded from study if they had symptoms of
heart failura, severe angina, non-sinus rhythm, severe ven-
tricular arrhythmias, left bundle branch block, left ventricu-
lar hypertrophy, pre-excitation syndrome or valvular or
congenital heart disease . Patients treated with digitalis or
beta-adrenergic blocking agents were also excluded .
Dobutamine infusion. An intravenous infusion of dobu-
tamine was started with a dose of 5 pg/kg per min for 5 min .
It was followed by 10, 15, 20 and up to a maximum of
40 ug/kg per min with increments every 5 min . Cuff blood
pressure and 12-lead ECGs were taken at baseline, at the end
of each dose and 5 and 10 min after stopping the infusion .
Intravenous atropine injection (0.5 to I mg) was given to four
patients who had a flat heart rate response with high dobu-
tamine doses (14) . Criteria for stopping the infusion were
systolic blood pressure >210 mm Hg, heart rate >120
beats/min, angina of moderate intensity, ST segment depres-
sion >2 mm, supraventricular or ventricular arrhythmias or
patient's intolerance to the drug. The test result was defined
as positive if angina or ST segment depression ~1 mm, or
both, occurred . An ST segment depression was considered a
nonischemic mirror image when ST elevation was simulta-
neously induced in opposite leads 15 .
Thallium-201 single-photon emission computed tomogra-
phy
. When the maximal dose of dobutamine was achieved,
2.5 mCi 90 MBq of thallium-201 was injected. Except in
patients who experienced angina, the last dobutamine dose
was maintained during the time of imaging acquisition 15 to
20 min
. Thallium images were obtained using a wide field of
view rotating gamma camera Orbiter-Siemens equipped
with an all-purpose, parallel-hole collimator . The camera
was rotated over a 180° arc in an elliptic orbit about the
patient's thorax at 6° increments for 30 s each
. Delayed
images were acqu ;red 3 to 4 h later. In the last 15 patients,
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I mCi o;' thallium-201 was reinjected after acquisition of
delayed images and a third imaging acquisition was per-
formed. Tomograms were analyzed in three planes : short-
axis, horizontal long-axis and vertical long-axis. Approxi-
mately 12 slices were taken in each plane . The stress,
delayed and reinjection images were analyzed in blinded
fashion by two observers using a qualitative method, and a
score was given to each patient . No significant differences
were found between the two observers . However, because
the scores were not identical in every patient, the average
was taken when theme were differences . The left ventricular
myocardium was divided into nine segments by splitting the
anterior, inferior and lateral walls and septum into a basal
and apical segment, including an extra segment for the apex
5 . The score given to each segment was as follows : 0 =
normal perfusion ; I = hypoperfusion in half a segment; 2 =
hypoperfusion in one segment or lack of perfusion in half a
segment ; 3 = lack of perfusion in one segment . Every patient
had a score for stress and another score for rest . In the 15
patients with a reinjection study, the lowest score was
chosen for the delayed imaging . Redistribution and reverse
redistribution were calculated comparing stress and delayed
images . A redistribution score a I was considered to indicate
ischemia, whereas reverse redistribution was disregarded
because of the lack of agreement on its meaning 16 . To
verify the accuracy of the score, in the last 15 patients both
stress and rest thallium images were also analyzed quantita-
tively with a commercially available polar mapping tech-
nique 17 . A significant p = 0.00001 linear correlation was
found between the qualitative score and the percent of
thallium defect both at rest y = 0.202 x +0.592, r = 0.83
and during dobutamine infusion y = 0.209 x +3 .515, r =
0.93 .
Gated equilibrium radionuclide ventriculography . This
study was performed 1 day or 2 days after thallium tomog-
raphy. The patient's erythrocytes were labeled by an in vivo
method using an intravenous injection of 10 pg/kg of stan-
nous pyrophosphate followed 10 min later by 15 to 25 mCi
550 to 900 MBq of technetium-99m pertechnetate . The scan
image was acquired using a gamma camera with an all-
purpose parallel-hole collimator. The patient was supine and
the collimator aligned in a 30° to 50° left anterior oblique
position the best septal image with a 5° caudal tilt. Radio-
nuclide counts were collected using a matrix size of 64 X 64
pixels, and the cardiac cycle was gated into 26 frames/cycle
using a nuclear medicine computer system Digital Equip-
ment I .:croDelta . The heart was magnified to improve wall
motion assessment . After an average cycle length was es-
tablished, baseline imaging acquisition was started and every
incoming beat was sampled in frame intervals . The acquisi-
tion was stopped when 10 million counts were accumulated
in one of the three windows used. The acquisition lasted 15
to 20 min. After baseline imaging acquisition was completed,
dobutamine was infused as previously described, with ECG
and blood pressure control . Radionuclide ventriculography
imaging was performed again at the end of the test and the
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Figure 1 . Baseline A and stress
B radionuclide angiography show
an increase in global ejection frac-
tion EF . Disregarding segments 2
and 3 involving the valve planes,
there is an increase in average re-
gional ejection fraction of the hy-
pokinetic segments 1 + 4 + 5 + 6 +
7 from 27 to 38 . Short-axis
thallium-201 tomograms from apex
AP to base BAS show anterolat-
eral hypoperfusion in apical slices
and anteroseptal hypoperfusion in
basal slices during dobulamine infu-
sion C . Delayed images of the
same slices D show partial redistri-
bution . Parametric images of stroke
volume E show improvement with
dobutamine .
maximal dose of dobutamine was maintained throughout the
time of stress imaging acquisition . This second imaging
acquisition also lasted 15 to 20 min . Data processing had the
following steps : 1 Spatial and temporal filtering were per-
formed with a Wiener filter; 2 ufier an area of interest was
generated in the left ventricle with a semiautomatic method,
the time-activity curve was constructed ; 3 ejection fraction
was calculated as Net end-diastolic counts - Net end-
systolic counts /Net end-diastolic counts . Regional ejection
fraction was obtained by dividing the end-diastolic region of
interest into nine segments Fig. 1, A and B . It was
calculated from maximal and minimal counts in all regions
using the end-diastolic centroid as a common center .
According to our own control data, the regional ejection
fraction of the anteroseptal segments segments 4, 5 and 6
<35 is abnormal . A regional ejection fraction of the
inferoapical segments 7 and 8 and posterolateral segments
9 and 1 segments <45 is abnormal . Segments 2 and 3
involving the valve planes were excluded for the measure-
ment of regional contractility . For each patient the average
regional ejection fraction of the hypokinetic segments was
determined at baseline and compared with the ejection
fraction of the same segments during stress . A change of
<5 units no change or a decrease a5 in global or
regional ejection fraction was considered an ischemic re-
sponse. An increase ?5 was a normal response
. The
following functional images were recorded : stroke volume,
paradox, stroke counts and ejection fraction . These images
supported the selection of segments to calculate the regional
ejection fraction of the hypokinetic areas .
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Comparison between perfusion and radionuclide imaging.
Because there are many more myocardial perfusion seg-
ments than regional ejection fraction segments, to compare
both images it was assumed that the hypokinetic segments of
the ventriculogram at rest corresponded to the infarct or
infarct plus peri-infarct areas . For this reason, the regional
ejection fraction of the hypokinetic segments was compared
with the score of the fixed defects or fixed plus pen-infarct
area reversible defects, on perfusion imaging. Because this
study is mainly focused on infarct and pen-infarct regions,
the ejection fraction of these regions will be termed regional
ejection fraction .
Coronary angiography. Coronary angiogmphy was per-
formed in 60 patients within 1 week after r dienu_tide studies.
Two patients refused angiography, and ai .other patient died 1
day before the scheduled study date . Lesioas >50 in a
principal coronary artery or a major branch were considered
significant. Multivessel disease was considered present when
two or three coronary arteries were stenotic . The presence or
absence of collateral circulation was also analyzed.
Statistics. Data are expressed as mean value ± SD
. The
Student t test was applied to compare numeric data
. The
chi-square test of significance with continuity correction was
used to compare proportions among the different groups .
Correlations between numeric data were calculated by Pear-
son's correlation coefficient . Significance was assumed if the
probability level was < 0 .05.
Ethics
. The study protocol was approved by the Ethical
Committee of the hospital. Informed consent was obtained
from the patients .
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Table 1
. Defect and Redistribution Scores Classified According to
Infarct Location
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Values are expressed as mean value ± SD or number
of patients.
Results
Clinical and ECG response to dobutamine . The heart rate
increased from 68 ± 12 to 120 ± 19 beats/min, the blood
pressure from 133 ± 22 to 156 ± 26 mm Hg and the
rate-pressure product from 9.311 ± 2,220 to 18,224 ± 3,963 .
Isolated ST segment depression was induced in 15 patients,
isolated angina in 5 and both angina and ST depression in 6
other patients, making a total of 26 abnormal tests . No
significant differences were found between the two dobu-
tamine tests performed in each patient . Dobutamine was
usually well tolerated and no major side effects were seen . In
two patients the infusion was stopped because of disturbing
episodes of palpitation . Two other patients had paroxysmal
atrial fibrillation, and another patient had multiple premature
beats with dobutamine infusion .
Thallium-201 single-photon emission computed tomogra-
phy. In 62 patients 1 patient had normal perfusion during
stress there was at least one area of hypoperfusion during
stress, which corresponded to the ECG infarct location in 60
of the 62. The three patients with undetermined infarct
location showed a posteroinferior defect either during stress
two patients or only in delayed images one patient .
Redistribution was not significantly augmented in the rein-
jection studies . In no cases did a negative test result become
positive after reinjection. The mean defect score was 9.6 ±
5 during stress and 7 .7 ± 5 In delayed images. Redistribution
was detected in the peri-infarct area in 44 patients and at a
distance from the infarct area in only 4 . Three of these four
patients also had redistribution in the peri-infarct lesion .
Therefore, only one patient had isolated distant redistribu-
tion. The anterior infarcts were associated with a signifi-
cantly larger defect than that associated with the inferior
infarcts. There was a tendency toward more patients with
redistribution but a smaller redistribution score in inferior
versus anterior infarcts Table 1 .
Radlonuelide ventrieulography. Global ejection fraction .
At rest, global ejection fraction was 46 ± 12 in the entire
group of patients . With dobutamiie it increased to 56 ± 14
p = 0.00001 with a mean increase of 9.5 ± 8 . The ejection
fraction did not change or decrease in 16 patients .
Regional ejection fraction . In 56 patients some hypoki-
iiCtic area was detected at rest . In seven patients no segmen-
tal abnormalities were observed . The anteroseptal segments
Table 2 . Fjection Fraction Classified According to
Infarct Location
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Values are expressed as mean value
±
SD. EF = ejection fraction.
were hypokinetic in 33 patients, the inferoapical segments in
46 and the posterolateral segments in 19 . More than one
region was involved in 42 cases. The anterior infarcts were
characterized by segmental anteroseptal or inferoapical hy-
pokinesia, or both. The inferior infarcts had inferoapical or
posterolateral hypokinesia, or both ; however, 13 of the latter
infarcts were also characterized by hypokinesia in some
septal segment mainly segment 6 . In the total patient
group, the regional ejection fraction corresponding to the
hypokinetic area increased with dobutamine from 27 ± 10
to 41 ± 19 mean increase 14 ± 13 , p = 0.00001 . The
regional ejection fraction decreased or did not change in 13
patients and increased in 43 . A decrease or no change in
either global or regional ejection fraction was seen in 22
patients. There was a significant linear correlation between
global and regional ejection fraction, both at rest r = 0 .53,
p = 0.00001 and during dobutamine r = 0.68, p = 0 .00001 .
Global and regional ejection fractions and the dobutamine-
induced increase in ejection fraction were significantly
higher in patients with an inferior than in those with an
anterior infarct Table 2 .
Coronary cineangiography . No significant lesions were
detected in one patient. Single-vessel coronary disease was
seen in 37 patients, double-vessel disease in 16 and triple-
vessel disease in 6 . The infarct-related artery was patent in
38 cases and occluded in 22 . Some degree of collateral
circulation to the closed artery was present in all but two
patients .
Relation between coronary anglography and radionuclide
imaging. Thallium-201 tomography . No significant correla-
tion was found between the number of stenotic vessels and
either defect size or redistribution score . The single patient
with a normal angiogram and the two patients with single-
vessel disease and an occluded artery in the absence of
collateral circulation had negative thallium test results for
ischemia . The 44 patients with ischemia in the peri-infarct
area had a patent infarct-related artery with >50 stenosis
or some degree of collateral circulation to the occluded
artery. Ischemia at a distance was observed in only four
patients, all of them with multivessel disease . However,
ischemia at a distance was not detected in 18 other patients
Inferior
Infarction
n = 38
Anterior
Infarction
n = 25
p
Value
Global EF
Baseline 50 ± 9 40
± 14 0.002
Stress 95 61 ± 12 47
± 14 0 .00001
Change +11 .4 ± 7 +6 .5 ± 7 0 .01
Regional EF
Baseline 29
±
10 23 ± 8 0.008
Stress 45 48 ± 17 29 ± 16 0 .00001
Change +18 ± 12 +6 ± 13 0 .00006
Inferior
Infarction
n = 38
Anterior
Infarction
n = 25
p
Value
Rest defect score 5.1 t 2 .5 11 .7 t 4.1 0
.00001
Stress defect score 7 .3 ± 3 .4
13.1 t 4.6 0.00001
Peri-infarct redistribution
no . Of patients
3009 14 56 NS
Redistribution score 3 .5 ± 1 .9 4.1 _ 2 .3
NS
Vessels With CAD
Values are expressed as mean value t SD
. CAD = coronary artery
disease ; EF = ejection fraction
.
with multivessel disease . Sixteen of these 18 patients had
ischemia in the peri-infarct area .
Radionuclide angiography . No differences in ejection
fraction were observed between patients with single- and
double-vessel disease. However, compared with these groups,
patients with triple-vessel disease had a significantly lower
increase, or even a decrease, in global and regional ejection
fraction Table 3 .
Relation between thallium-201 tomography and radionu-
clide angiography . Global ejection fraction . A significant
inverse linear correlation was found between defect score
and global ejection fraction both at rest and during dobu-
Figure 2. Inverse linear correlation between defect score and global
ejection fraction EF at baseline top and during stress bottom
.
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amine infusion Fig . 2 . Redistribution was detected in 13
82 of 16 patients with no change or a decrease in global
ejection fraction versus 32 68 of 47 with an increase in
global ejection fraction p = NS . No significant difference in
redistribution score was seen between patients with an
increase versus those with no change or an increase in global
ejection fraction 2.3 ± 2.2 vs . 3 .4 ± 2.6 , and no significant
difference in ejection fraction was seen between patients
with and without redistribution in the peri-infarct area Table
4 .
Regional ejection fraction . Redistribution in the peri-
infarct area was detected in 5 38 G of 13 patients with no
change or a decrease in regional ejection fraction versus 36
84 of 43 patients with an increase in regional ejection
fraction p = 0.004 . Both regional ejection fraction during
stress and the change in regional ejection fraction were
significantly higher in patients with redistribution in the
peri-infarct area Table 4 . In the 44 patients with redistri-
bution in the peri-infarct area, an inverse linear correlation
was found between pen-infarct redistribution score and
dobutamine-deduced regional ejection fraction change R =
-0.44, p = 0.004 . When the patients were classified accord-
ing to infarct location, only those with anterior infarction
showed a significant inverse linear correlation between re-
distribution score and regional ejection fraction change
Fig .
3 , whereas the patients with inferior infarction failed to
Figure 3. Inverse linear correlation between peri-infarct
redistribu-
tion score and regional ejection fraction
REF change in the
patients with anterior infarction.
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PERI-INFARCT REDISTRIBUTION SCORE
Redistribution
In = 441
No Redistribution
In = 19
P
Value
Global EF
Baseline G'o 46 t 12 45 ± 13 NS
Stress tie 55 ± 13 55 t 18 NS
Change +8.5 _ 8 +10.5 ± 7 NS
Regional EF
Baseline 28 ± 9 23 ± 10 NS
Stress ac 44 ± 15 28 ± 25 0 .005
Change 16 .4 ± 10 4.7 ± 17 0 .003
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Table 3. Ejection Fraction Classified According to Number of
Diseased Coronary Vessels
Table 4. Ejection Fraction Classified According to
Pert-infarct Redistribution
One or Two
n - 53
Three
n = 6
p
Value
Global EF
Baseline 46 ± 12 47 t 14 NS
Stress 56 ± 14 47 ± 14 NS
Change +11 ± 7 -0.2 ± 5 0.00008
Regional EF
Baseline 28 ± 10 27 ± 5 NS
Stress 44 ± 18 31 t 10 NS
Change 16 .0 ± 13 4.2 ± 6 0 .003
404
	
COMA-CANELLA ET AL .
DOBUTAMINE TEST WrrH RADIONUCLIDE IMAGING
show a significant correlation . Figure 1 shows a case of
global and regional ejection fraction increase in the presence
of ischemia .
Discussion
As far as we know, this is the first study performed with
dobutamine and thallium-201 SPECT plus radionuclide an-
giography in the same patients to correlate dobutamine-
induced ischemia with wall motion charges .
Thalum-201 redistribution. The dobutamine test with
thallium-201 SPECT localized the infarct site and detected
ischemia in the peri-infarct area in a high proportion of
patients soon after acute myocardial infarction . This high
rate of detection could be due in part to the technique of
maintaining the highest dobutamine dose during the time of
imaging acquisition 18 . Rapid redistribution occurring in
the period between the cessation of stress and the comple-
tion of imaging is not missed if the stress is maintained .
Reirdection did not augment the redistribution score,
thereby supporting the validity of the technique employed .
However, its sensitivity and specificity for the detection of
residual ischemia cannot be calculated in patients with a
previous infarction and single-vessel disease because no
reference standard exists . Ischemia at a distance was missed
in l8 patients with multivessel disease . Probably, in the
presence of ischemia in the peri-infarct zone, other ischemic
areas can be seen as contiguous. In addition, differences in
perfusion may be attenuated in the presence of multivessel
disease . These factors could explain the absence of redistri-
bution in two patients with multivessel disease and the
similar defect score observed in patients with different
number of stenotic vessels.
Radionuclide ejection fraction . A hypokinetic area corre-
sponding to the ECG infarct site was detected in most
patients, with some overlap of apical and inferior segments .
The most striking finding was that both regional and global
ejection fraction increased significantly during dobutamine
infusion in the total group of patients, even though all of
them had acute myocardial infarction and many patients had
ischemia in the peri-infarct area . Dobutamine can induce an
important increase in contractility in nonischemic areas with
an increase in global ejection fraction. The significant linear
correlation between global and regional ejection fraction,
both at rest and during stress, suggests that the necrotic area
could be dragged, at least in part, by the neighboring
myocardium .
Relation between defect size and ejection fraction. The
inverse linear correlation found between defect score and
ejection fraction indicates that the larger the defect size, the
lower the ejection fraction . This is an expected finding that
supports the accuracy of defect score measurement. The
lower ejection fraction in the patients whL interior versus
inferior infarction can be explained by the larger infarct area
in the former group. When the patients were grouped ac-
cording to the number of vessels involved Table 3 and to
JACC Vol . 22, No . 2
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the presence or absence of pen-infarct redistribution Table
4 , an apparent contradiction was obse : ,+ed in the results
obtained with the two classifications. On the one hand, the
patients with triple-vessel disease had a flat ejection fraction
response to dobutamine, indicating that widespread isch-
emia does not allow the ejection fraction to increase. On the
other hand, no significant differences in global ejection
fraction change were seen according to the presence or
absence of peri-infarct redistribution . In addition, a signifi-
cantly higher increase in regional ejection fraction was found
in the patients with redistribution in the peri-infarct area.
The apparent contradiction can be explained by the degree
of ischemia. The inverse linear correlation found between
peri-infarct redistribution score and regional ejection frac-
tion change indicates that only the patients with the most
severe ischemia had a decrease or no change in regional
ejection fraction in response to dobutamine infusion . How-
ever, mild and moderate ischemia were compatible with an
increase in regional ejection fraction increase .
The reason that anterior but not inferior infarcts showed
a significant correlation is probably the larger anterior infarct
size. A small hypokinetic area could be passively moved by
the adjacent nonischemic myocardium, whereas a large
hypokinetic area is probably less affected by the surrounding
myocardium. Even though redistribution in the peri-infarct
area was present in fewer patients with an anterior versus an
inferior infarction, the redistribution score was larger in the
former group. This explains the smaller increase in both
global and regional ejection fraction in patients with anterior
infarction. Another possible explanation for the lack of
correlation between peri-infarct redistribution score and
regional ejection fraction change in patients with inferior
infarction could be the overlap between inferior and apical
segments. However, this hypothesis is less probable, be-
cause the overlap was already present at rest when hypoki-
nesia was detected. A passive lengthening of the myocar-
dium with recent necrosis could explain the decrease in
regional ejection fraction observed in the majority of patients
without redistribution . The increase in regional ejection
fraction observed in some patients without redistribution in
the peri-infarct zone could be explained by the presence of
islands of viable myocardium or by a passive movement .
Comparison with other studies. Previous research 13,16
has demonstrated that healthy subjects respond to exercise
with an increase of at least 5 units in ejection fraction,
whereas patients with coronary artery disease respond with
no change or a decrease in ejection fraction . This can be
interpreted as the ability of viable myocardium -to maintain
normal contractility at rest and its inability to increase it
when ischemia is induced . During exercise there is an
occurrence or aggravation of regional wall motion abnormal-
ities .
So far, few studies have been performed with dobutamine
and radionuclide angiography 7,10,11,19,20 . The majority
of them 7,10,11,19 show that dobutamine induces an in-
crease instead of a decrease in global ejection fraction in
JACC vel. 22, No
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patients with coronary artery disease . Similar results have
been found with isoproterenol in postinfarction patients with
patent infarct-related vessels 21 . Freeman et al . 10 found
a new wall motion abnormality with dobutamine in 11 patients
even though the global ejection fraction increased . However,
other investigators 7,11,19 found an increase in regional
ejection fraction with dobutamine . Konishi et al . 11 per-
formed radionuclide studies in a group of patients and com-
pared the effects of exercise with those of dobutamine. The
group of normal subjects had ;gin increase in ejection fraction
with both methods, but the patients with coronary artery
disease had an increase in ejection fraction with dobutamine
but not with exercise . Only 2 of the 21 patients with coronary
disease had dobutamine-induced regional wall motion abnor-
malities . According to these studies, exercise and dobutamine
elicit different contractile responses from ischemic myocar-
dium, probably because of !he stronger inotropic elect of
dobutamine . This effect on contractile myocardium could pro-
duce a passive movement of small akinetic areas, but traction
from neighboring segments is less probable in large hypokinetic
areas. If this hypothesis is correct, the changes in regional
ejection fraction will be more reliable when large hypoldnetic
areas are analyzed, as in the case of anterior infarction Fig. 3 .
In contrast to radionuclide studies, qualitative echocardio-
graphic studies with dobutamine have consistently shown new
wall motion abnormalities in patients with coronary artery
disease, similar to those found with exercise 6,14,22-24 .
Pert-infarction ischemia . The few postinfarction dobu-
tamine echocardiography studies available have primarily
studied ischemia et a distance 22 . However, the infarct
area has barely been analyzed and has been considered as a
cause of false positive test results 23 . Qualitative echocar-
diography, in contrast to quantitative radionuclide angiogra-
phy, cannot distinguish among different degrees of hypoki-
nesia and can only distinguish between asynergia and normal
contractility. A recent study 24 found normalization in
pretest regional asynergy during dobutamine infusion in
three patients . Another study with echocardiography and
thallium tomography 9 did not find that dobutamine in-
duced additional wall motion abnormalities in the patients
with redistribution in the peri-infarct area . In some cases,
wall motion abnormality was improved despite ischemia, as
in our patients . A postinfarction echocardiographic study by
Pidrard et al . 25 showed that the patients with viable
myocardium in the peri-infarct area detected with positron
emission tomography had an improvement in the echocar-
diographic score index with low dobutamine doses . More
recently, the same investigators 26 employed high dobu-
tamine doses and found that echocardiography wall motion
abnormalities detected more cases of ischemia in the peri-
infarct zone than did scintigraphy reversible defects . Over-
all, the results of the few studies available on peri-infarct
ischemia seem contradictory . If peri-infarct redistribution
indicates viable but not necessarily ischemie myocardium, it
is expected that redistribution will respond to inotropic
stimulation with an increase in contractility. However, pre-
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vious studies 27 with exercise thallium-201 scintigraphy
after acute myocardial infarction have demonstrated an
,adverse prognosis in patients with pert-infarct redistribution,
which suggests that this finding corresponds to ischemia. It
is possible that dobutamine induces more redistribution than
does exercise, and perhaps the prognosis of redistribution
detected with both methods is not exactly the same
.
Pitfalls. Some pitfalls are present in this study. One is
that thallium-201 tomography was not performed simulta-
neously with radionuclide angiography . However, the two
studies were performed within I or 2 days in a similar
situation, and the hemodynamic and ECG changes with
dobutamine v ere reproducible without significant differ-
ences between the two studies . Another pitfall is the record-
ing approach itself. Inasmuch as planar radionuclide angiog-
raphy can only analyze planar wall motion movement and
not systolic endocardial thickening with some overlap of
different areas, it is not the ideal method for studying
regional contractility . Either tomographic imaging of both
perfusion and function or quantitative echocardiography
might have been better methods, but little experience has
been accumulated with them . At present, planar radionu-
elide angiography, with all its weaknesses, is widely ac-
cepted as a valid method for the study of coronary artery
disease, and some investigators 28 have even found it more
valuable than thallium scintigraphy . Radionuclide angiogra-
phy with a quantitative technique similar to ours has been
utilized in the Thrombolysis in Myocardial Infarction multi-
center trials and has provided meaningful insights into re-
gional left ventricular function at rest and during exercise
after thrombolytic therapy 29,30 .
Conclusions. Our results suggest that mild to moderate
redistribution in the peri-infarct area responds to dobu-
tamine with an increase in contractility, whereas severe
redistribution responds with wall motion worsening. This
can be more easily demonstrated in large infarcts that are
less influenced by the surrounding contractile myocardium .
Further follow-up studies are needed to evaluate the prog-
nostic implications of both dobutamine-induced peri-infarct
redistribution and ejection fraction decrease .
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